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(Continued)

The Nb-Al system has been used as a model system to study the phase trans-
formation in metastable alloys by using the superconductivity of the A15
phase to determine the comDosition with the highest Tc, and the lattice
constant to determine the average composition. By depositing Nb-Al in a
phase spread orientation onto substrates at;00 C, the bcc structure has
been extended to about 40 at t (well above the equilibrium 9%). Subse-
quent annealing experiments transformed the bcc phase to A15. It was
found that stoichiometric Nb Al could be formed in the A15 phase well
above the concentration of t~e Al at equilibrium which is 22%, when the
slopes of the free energy curves of the respective phases are equal. Thus
the particular shape of the (free) energy curves is important and can
determine the composition of the precipitated phase.

Nb-Sn-Ga alloys were prepared and studied as model systems to investigate
the influence of third element additions on the normal and superconducting
properties of alloyed Nb Sn phases. In spite of a decrease in the density
of states at the Fermi livel with increasing Ga content and upper critical
field, B was found to increase. B maximized at 1 to 1.5 at % Ga for
reactionctemperatures at 700 0C. HigR critical fields up to 31.5 T
(at T=4.2K) have been achieved.

Additions of Nb, Ta, Sn, and Pt to V Ga were studied by co-deposition of
the elements along with V and Ga. T~e accepted model of spin-orbit
scattering predicts that substantial increases in critical field should
have been observed. Ho.ever, no increase was seen with any of the above
additions. Further work is need to rule out unusual microstructural
features before looking for a basic breakdown of the models of spin-orbit
scattering.

New ion sources have been developed with~high performance at low energy
(1-100 ev) and high flux (.2 - 1.0 ma/cm'). The low energy prevents
damage to ordered compounds and the high flux is desirable to match the
arrival rate of evaporated metal atoms. The ion beam has been used in
test runs to prepare NbN C,, and in the hydrogen doping of amorphous Si.
Future potential applicati ns which have been identified include:
(a) other compound syntheses (nitrides, carbides, oxides and borides
of most elements); (b) surface mobility enhancement, including grain size
control, internal strain modification, removal of impurities, gases, and
low-temperature growth of ordered compounds; (c) interface modification
of compounds (ion assisted wetting); (d) metastable high-pressure high-
temperature phase formation.
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20. (Continued)

The Nb-Al system has been used as a model system to study the phase trans-
formation in metastable alloys by using the superconductivity of the A15
phase to determine the composition with the highest Tc, and the lattice
constant to determine the average composition. By depositing Nb-Al in a
phase spread orientation onto substrates at O°C, the bcc structure has
been extended to about 40 at (well above the equilibrium 9 ). Subse-
quent annealing experiments transformed the bcc phase to A15. It was
found that stoichiometric Nb Al could be formed in the A15 onase well
above the concentration of t~e Al at equilibrium which is 22., when the
slopes of the free energy curves nf the respective phases are equal. Thus
the particular shape of the (free) energy curves is important and can
determine the composition of the precipitated phase.

Nb-Sn-Ga aiioys were prepared and studied as model systems to investigate
the influence of third element additions on the normal and superconducting
properties of alloyed Nb Sn phases. In spite of a decredse in the density
of states at the Fermi lvel with increasing Ga ontent and oi;per critical
field, B was found to increase. B 2 maximized at 1 to 1.5 at Ga for
reaction cemperatures at 700 0 C. HigR critical fields up to 31.5 T
(at T=4.2K) have been achieved.

Additions of Nb, Ta, Sn, and Pt to V Ga were studied by co-deposition of
the elements along with V and Ga. T~e accepted model of spin-orbit
scattering predicts that substantial increases in critical field should
have been observed. However, no increase was seen with any of the above
additions. Further work is need to rule out unusual microstructural
features before looking for a basic breakdown of the models of spin-orbit
scattering.

New ion sources have been developed with2high performance at low energy
(1-100 ev) and high flux (.2 - 1.0 ma/cm ). The low energy prevents
damage to ordered compounds and the high flux is desirable to match the
arrival rate of evaporated metal atoms. The ion beam has been used in
test runs to prepare NbN C , K n the hydrogen doping of amorphous Si.
Future potential applicafions ,.' have been identified include:
(a) other compound syntheses (n. des, carbides, oxides arid butides
of most elements); (b) surface mobility enhancement, including grain size
control, internal strain modification, removal of impurities, gases, and
low-temperature growth of ordered compounds; (c) interface modification
of compounds (ion assisted wetting); (d) metastable high-pressure high-
temperature phase formation.
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PUBLICATIONS
(A Apr 84-30 Sep 84)

1. "Response to 'Comment on Tunneling a2F(-) as a Function of

Composition in A15 NbGe'" by B. R. Sood, by K. E. Kihlstrom
and T. H. Geballe, Phys Rev B, 27, 3082 (1983).

2. "Phase Transformations in Metastable Nb-Alloys, by R. Bormann,
D.-Y. Yu, R. H. Hammond, A. Marshall, T. I. Geballe, to be
published in Proceedings of the 5th international Conference
on Rapidly Quenched Metals, Wurzburg, FRG, September 1984.

3. "Superconducting Materials," by M. R. Beasley and T. H. Geballe,
Physics Today, pp 60-68, October 1984

4. "Critical Magnetic Field of V Ga Thin Films with Third Element
Additions," by P. M. Tedrow, J. E. Tkaczyk, R. Meservey,
S. J. Bending, and R. H. Hammond. Proceedings of 1984 Applied
Superconductivity Conferencc, San Diego to be published in
IEEE Transactions on Magnetics, 1985.

5. "A15 Nb-Sn Tunnel Junction Fabrication and Properties," by

D. A. Rudman, F. Hellman, R. H. Hammond, and M. R. Beaslev,
j. Appl. Phys. 55, 3544 (1984).

6. "Phase Relationshias and Superconducting Properties of
Ternary Systems Used in the Bronze Process, by R. Bormann,

Adv Cryogenic Engineering 30, 659 (1984).

7. "o;;ards an Understanding of the Limits of Sucerconductiv ty.'
hy T. H. Geballe, presented at the Distinguished Lecture
Series, N. Mexico, October 1983.
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Persons working on contract during the period
1 April 1984 - ?0 September 1984

Hammond, Robert H. Senior Research Asscciate

Ueilman, Frances Ph.D. expected Winter 1985

Mae!, David Ph.D. expected Summer 1935

Broucsard, Phi!ip Ph.D. expected Surmer 1985

Park, Sung Ph.D. expected Sumer 1986

Kent, Andrew Ph.D. exnected Summer 1986



Annual Technical Report - Contract No. F49620-82-C-0014
Period: I Apr 84 - 30 Sep 84 (PI: T. H. Gebalie)

Visitors and Seminars

1. George Mozurkewich, Physics Department, UCLA
"Charged density waves"
April 5, 1h4

2. Gerd Bergmann, IFF der KFA Julich, West Germany
"Weak localization in thin films -- a timp-flight -xperiment with
conduction electrons"
April 17, 1984

3. Hidetoshi Fukuyama, Institute for Solid State Physics, University of Tokyo
April 17, 1984

4. Masaki Suenaga, Brookhaven National Laboratory, Upton, NY
May 16, 1984

5. V. Ambegaokar, Cornell University and InstiLuLe for Theoretical Physics,
UC Santa Barbara
"Microscopic theory of shot noise in the Josnehsonn effect"
May 17, 198

6. G. Sawadsky, University of Croningen, The Netherlands
"Electron spectroscopy studies of the electronic structure of dilute
transition metal alloys"
May 24, 1984

7. H. Poppa, NASA, Ames Research Center
"Physics and chemistry of UHV deposited metal particles and clusters'
June 7, 1934

8. J. E. Kunzler, AT&T Bell Laboratories
June 25, 1984

9. Jean-Paul Maneval, ENS Physique des Solides, Paris, France
August 1984

10. Atsushi Kome, Institute of Materials Science, University of Tsukuba,
Ibaraki, Japan
August 1984

11. William McLean, Rutgers University
September - November 1984

12. H. Weinstock, AFOSR
September 6, 1984

13. R. Flukiger, Institute fur Technische Physik, Karlsruhe, FRG
September 13, 1984
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Visitors and Seminars (Continued)

14. David F. Moore, Cambridge, England
September 14, 1934

15. Rudi Bormann, Universitat Gottinoen, FRG
September 15-30, 1984

16. Tord Claesson, Chalmers University of Technology. Gothenburg, Sweden

September 17-21, 1984

17. Alex Braginski, Westinghouse Research Laboratories, Pittsburgh, PA

September 17, 1984

18. Oystein Fischer, E.T.H., Switzerland
September 18-19, 1984
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Annual Technical Report - AFOSR Contract No. F49620-<72-C-014
Period: 1 Apr 34 - 30 Sep 84 (PI: T. H. Geballe)

Committees

The National Research Council

Solid State Science Committee

Ad Hoc Committee for NSF-MRL Directors

Member, Editorial Board of Chinese Physics, AIP

Member, Editor for Materials Letters, North-Holland Publishing Company,
The Netherlands

Member, Committee for the American Physical Society International Prize for
New Materials

Member, Advisory Board of the Miller Institute for Basic Research in Science

Member, Program Committee for meeting on "Materials and Mechanisms of
Superconductivity" in Ames, Iowa, May 29-31, 1985

Scientific projects are being carried out in close collaboration with industry

R. M. White, Xerox Corporation, Palo Alto, California
J. Boyce, Xerox Corporation, Palo Alto, California

I. H. Wprnick, Bell I ;horatories Murray Hill. New Jersey
J. M. Rowell, Bell Laboratories, Murray Hill, New Jersey
C. W. Hull, Bell Laboratories, Murray Hill, New Jersey
M. Hong, Bell Laboratories, Murray Hill, New Jersey
W. P. Lowe, Bell Laboratories, Murray Hill, New Jersey

R. Greene, iBlM, San Jose, California

J. Harper, IBM, Yorktown Heights, New York

A. Braginski, Westinghouse Research Laboratories, Pittsburgh, Pennsylvania

A. Green, Naval Research Lab, China Lake, California
V. Rehn, Naval Research Lab, China Lake, California

New discoveries, inventions or patent disclosures

None
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W. Carter and T'. H. G6_balle, to accear in the croceedings
o' the 5-. International Conference on Liquid and Aoo~u
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11. "Tunneling Properties of Single Cry.stal Nb/'b0_'?b
Josechson Junctions, " by/ S. Celasohi, T. H. Cble
and '.-. P. Lowe, APppl. Ph%'s. Lett. 42, 794 (1333).
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S. Celaschi', T. H. G eb a Ie, a nt _R. n ancn, 3 z m tote
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1. "Th .e Effect of onHdsticStrain on the Sucerconou,.ctina
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by j. Beuk, W. A. Sunder, F. Hellml_n, and T. H. Ceballe, submited
to the- acciied Suzercon C U ti4vit%, Conference, San Die-c, ectemzer
198!.

19. of-_~n0 the B ,)Enha-ncomo nt in Ternary Nb-Sn Phases," b
R. Bo=-Inn , D. Y.-Yu, R. H. Hammond, A. Marshall, and T. h.
Geballe, submitt~ed to the Acolied Sucerconductivity Confer' ce,
San Dieaoc, Sectember 1984.

20 . "Th-in Film Growth of Stable A15 Compounds," by- F. H-eliman, 'H.

Ceballe, Bull. Am. Phvs. Soc. 29, 383 (19841).

21. "The MIetal- insulator Transition in A-mornhous Molybdenum-Cerma:-ium,
All:cys," by-) S. Yosliiumi, D. Mael, and .H.Gebal-le, subImitted_
to th-e :nternational Conference on Heavy Docina and the Metal-
Insula=tor Transition in Semiconductors, U.C. Santa Cruz, CA,
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22. "The Szoecific Heat of Niobium-Zirconium Multilavers," by P. R.
Broussard, D. Mae! and T. H. Ceballe, Submitted to Physical Review.
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VISITORS AND SEM41INARS

1. Dr. M. Gurvitch, Be'l Labcratories
"Boltzmann Transcort and -e Saturtion of Electrical Resistvit
October 6, 1983

2. Dr. Gloria Lubkin, Editor, Physics Today
"The Search for Stories: The Stories for Search"
October 26, 19S3

3. Dr. Jim McGroddv, IBM, Yorktowqn Ht 2{ots=:.
October 27, 1983

4. Dr. Gerd Binnig, IBM Zurich Research Laborator-y
"Scanning Tunneling Microscooy, an Atomic Surface Probe"
November 11, 1983

Professor Hans Dehmelt, University of Washington
"Elementar, Particle at Rest in Soace: g-F _c-ors and
Structure of E-/E "
November 11, 1983

6. Dr. Zachary Fisk, Los Alamcs National Laboratcrv3e
".anium Eased Electronic Analogs of Him-)7
November 22, 1933

7. Professor Sidney Drell, Deputy Director SLAC
"Nuclear Weacons: Defense vs. Deterrets"
November 30, 1983

3. Dr. James Bovce, Xerox, Palo Alto
".*icrostructure of Random Solid Solutions: EXAFS Studies"
December 8, 1983

9. Dr. Richard Kovama, Tektronix Inc. Beaverton, O2reaon
January 5, 1934

10. Dr. Clyde Kizmsall, Northeastern University
January 5, 1984

11. Professor Rudolf Peierls, Oxford University, ENGLAND
"Momentum and Pseudo-Momentum"
January 17, 1984

12. Dr. Gordon C. Osbourn, Sandia Laboratories
"Strained Layer Semiconductors"
Janaur'y 26, 1984

13. Professor M. Brian Maple, University of San Diego
"Superconductivity, Magnetism and a Possible
New Sucerconducting State"
January 11, 1984
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VISITORS AND SEMINARS (Cont.)

14. Dr. F. DiSalvo, Bell Laboratories
"Non-Linear Charge Density Wave Properties of Potassium
Molybdenum Bronze (K0 3MoO 3 )"
February 2, 1984

15. Dr. Bernardo Huberman, Xerox PARC
"Dynamics of Computing Structures"
February 15, 1984

16. Dr. John Rowell, Bell Laboratories
February 12-23, 1984

17. Dr. Jene Golovchenko, AT T Bell Laboratories
"X-ray Wave Optics at I
February 23, 1934

13. Dr. R. Becker, AT&T Bell Laboratories
"Alice in Wonderland: Atomic Surfaces Imaced with
AT&T Bell Labs Tunneling Microscope"
March 9, 1984

19. Dr. George S. Brown, Dept. of Applied Physics & SSRL
"Recent Advances in Synchrotron Radiation Research"
March 14, 1984

20. Dr. A. Kaoitulnik, University of California, Santa Barbara
"Percolation Processes in Thin Films"
March 12, 1984

21. Dr. J. Orenstein, AT&T Bell Laboratories
"Photogenerated Excitations in Conducting Polymers"
March 15, 1984
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COMMITTEES (T. H. Geballe)

The National Research Council
Assembly of Mathematic and Physical Sciences
Solid State Science Committee

Ad Hoc Committee for NSF-MRL Directors

Member, Editorial Board of Chinese Physics, AIP

Member, Editorial Advisor for Physics and Chemistry of
Materials with Low-Dimensional Structures, D. Reidel
Publishing Company, Dordrecht, Holland

Member, Editor for Materials Letters, North-Holland Publishing
Company, The Netherlands

Member, Committee for the American Physical So-"i A international
Prize for New Materials

Member, Advisory Board of the Miller Institute for Basic
Research in Science

Sc.en.c...croects are e.no carried out in close collaboration
winh industrv.

R. M. White, Xerox Cororation, Palo Alto, California
J. Boyce, Xerox Corporation, Palo Alto, California

J. H. Wernick, Bell Laboratories, Murray Hill, New Jersey
J. M. Rowell, Bell Laboratories, Mrruay Hill, New Jersey
C. W. Hull, Bell Laboratories, Murray Hill, New Jersey

M. Hong, Bell Laboratories, Murray Hill, New Jersey
W. P. Lowe, Bell Laboratories, Murray Hill, New Jersey

R. Greene, IBM, San Jose, CA
j. Harner, IBM Yorktown Heights, New York
A. Braginski, Westinghouse Res. Laboratories, Pittsburgh, PA
A. Green, Naval Research Lab., China Lake, CA
V. Rehn, Naval Research Lab., China Lake, CA

New Discoveries, Inventions or Patent Disclosures

NONE
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Persons Workina on (_cntrac't D-r'z' e Pro
1 October 1933 - 31 Iar cn 1)924

Hammond, Robert H. Sernior Research, As~ociaote

Hellman, Frances Ph.D. excected Fall 11334

Mael, David Ph.D. exnecr ec Summer 1983

Yoshizuot-, Shozo Ph.D. ex!:e c t --d Su27,mer 1935

Broussard, Phi'_!_ Ph.D. excecc ed S --;mme r 19 85

Park, Sunq Ph.D. exicected Suojner 1936

Kent, Andrew Ph.D. exoected Suomer 1936


